showing evidence of spontaneous recovery after denervation. In the last group with total paralysis of immediate onset 8 explorations were done, with nerve grafting in 6 of them. The relatively poor results in this group as a whole suggest to me that a trial of large-dose steroid therapy could well be justified in the hope of minimizing denervation in those cases not judged to require surgery. I am certain that more frequent recourse to surgery would create more problems than it would solve. Strict criteria must be applied to determine whether or not the nerve is in continuity. Complete immediate paralysis demands an unhurried consideration of probabilities. Electromyography may show residual motor units, a sign that conservative management has at least a chance of success. A 'silent' EMG is very ominous and if followed by loss of nerve excitability at 3 or 4 days makes it certain that nerve injury has been massive. Recovery without further surgery is so unlikely in such a case that even the dismantling of a freshly, performed tympanoplasty or the disturbance of a stapedectomized ear would have to be accepted. In these cases a lapse of afew days before reoperation will not worsen the facial palsy outlook and affords many advantages, including the opportunity of consultation and a second opinion.
In all the cases where nerve continuity is assured (delayed onset, incomplete palsy, immaculate observation by an experienced surgeon at the initial operation, motor units at electromyography, preservation of nerve excitability are all valid and favourable) conservative management is correct and rewarding.
The results of nerve grafting are shown in Table 8 , summarizing my own cases together with 21 cases of the late Miss Josephine Collier which I have had the opportunity ofobserving. Although the earliest possible time is to be preferred, it can be seen that uniformly fair results are obtainable up to some months after the lesion, a welcome if surprising discovery. It is therefore only correct to intervene surgically when the demonstrable severity of the nerve injury places the prognosis beyond doubt. The most meticulous preoperative assessment is essential because even at exploration it is not always obvious from its appearance alone whether an injured nerve can be merely decompressed or whether it must be replaced by a graft. To resect and graft a nerve which could have recovered spontaneously is as bad an error as to leave in situ a mass of scar tissue through which new axons can never penetrate.
Recognition and Management of Facial Nerve Palsies of Operative and Traumatic Origin' [Abridged]
Operative Causes To the aural surgeon the facial nerve is ever present and its anatomy must be thoroughly appreciated. It was common practice in the earlier days of ear surgery to minimize exposure of the facial nerve in an attempt to prevent nerve injury and its sequel of facial paralysis. Technical progress in otosurgery has lessened the danger of iatrogenic damage to the facial nerve, although accidental injury still occurs.
Recognition of facial nerve paralysis is not difficult, but curiously enough it is often overlooked. According to Otto Korner (1892), surgical injury to the facial nerve occurred in 3.7% of otosurgical operations. Zuehlke (1956) found an incidence of 1.6% facial nerve injuries in 1171 first operations on the ear. A much higher incidence was found in repeat operations: 8 of 72 cases (11.1 %). Routine use of the operating microscope, as well as improvements in surgical technique, have led to a further decrease in the incidence of iatrogenic facial nerve lesions. At the present time in Germany, less than 1 % of all patients undergoing ear operations experience iatrogenic injury to the facial nerve. Although varying degrees of nerve restoration or facial function can be achieved by appropriate measures, it is the aim of this paper to stress prevention of injury to the nerve.
The facial nerve may be injured in several different ways. During a simple mastoidectomy the surgeon may not be able to find the antrum and, fearing to injure the dura, may attempt to drill too far toward the mastoid tip. The facial nerve may then be damaged in its mastoid or LTranslated by-Dr Alan D Kornblut descending portion, especially near the level of the origin of the chorda tympani nerve. During radical mastoid surgery the nerve is more commonly at risk in the region of its horizontal course when the facial 'spur' is taken down by chisel or drill.
Fenestration of the lateral semicircular canal has for the most part been abandoned in the surgical management of otosclerosis. Nevertheless the procedure remains a useful method of reconstructing the sound-conducting mechanism in congenital malformations of the ear. Children crippled by the thalidomide disaster have hearing defects which may be helped by this operation. The facial nerve can be injured during enchondralization of the lateral semicircular canal if the drill inadvertently slips and penetrates the nerve in the posterior third of its horizontal portion. It must be stressed that in congenitally deformed ears the course of the facial nerve is often abnormal. In addition the nerve may be protected only by a paper-thin bony wall or, even worse, it may be exposed by dehiscences in the bone.
A relatively common aural surgical procedure today is tympanoplasty. Difficulties may be encountered in attempting to determine the anatomical outline of the tympanic cavity, especially in cases of chronic otitis media when normal anatomy has been obscured by chronic disease or previous surgery. Thus lack of orientation may be directly responsible for surgical lesions of the facial nerve, commonly in the region of the geniculate ganglion, and present a formidable problem in attempts at surgical repair, as the stumps of the severed nerve may be hidden in scar or granulation tissue. In the management of this most difficult problem autogenic nerve grafts (preferably utilizing the greater auricular nerve) are necessary. When nerve identification is impossible the tympanic opening of the eustachian tube may be the only constant landmark for locating the facial nerve stump at a site where it emerges from its translabyrinthine course. From this opening the cochleariform process is identified and then the geniculate ganglion. The nerve graft is laid between the ganglion and the defined distal portion of the nerve in its vertical mastoid segment or its extratemporal trunk. A striking example of this problem was encountered in a foundry worker who experienced a most unusual industrial accident. A drop of molten steel somehow passed through the external ear canal into the tympanic cavity. All the structures of the middle ear were destroyed, and a section of the facial nerve was burned away. Subsequently we placed a free nerve graft from the geniculate ganglion to defined nerve in its mastoid course, with most gratifying results (Fig 1) . The last of the surgical lesions of the facial nerve within the tympanic cavity are those Fig 1 Autogenous nerve graft has been placedfrom the geniculate ganglion above the oval window to the distal stump ofthefacial nerve in its mastoidportion occurring during stapedectomy. Dehiscences or abnormal positions of the nerve may be encountered unexpectedly by the unwary surgeon. Nerve injury can occur by inadvertent curettage in trying to remove the posterosuperior shelf of canal wall bone to gain better exposure of the stapes. Drilling on the promontory to remove a floating or fixed footplate may also result in a slipped drill and injury to the facial nerve. An unusual nerve injury in our experience resulted from a Schuknecht wire-stapes prosthesis. The upper end of the wire about the prosthesis was too long and somehow twisted through a dehiscence in the fallopian canal. The result was injury to the facial nerve from below with consequent facial paralysis.
Traumatic Causes
Another important problem is the recognition and management of facial nerve injuries after nonoperative trauma. Skull fractures which result in immediate facial paralysis, as well as traumatic lacerations of the facial nerve, are occurring more frequently in clinical practice as a result of street, airplane and industrial accidents. The significant increase in these injuries has led to operations for the immediate repair of facial nerve injuries when indicated, as well as to subsequent regional plastic or reconstructive surgery as required.
Approximately 90% of facial paralyses which result from skull fractures recover spontaneously and regain normal facial function. This may be because the facial nerve is capable of withstanding significant mechanical pressures, as noted in clinical studies of patients with acoustic neuri-noma. Unfortunately, this high proportion of spontaneous recoveries has given rise to a complacent feeling that the management of posttraumatic facial paralysis can be deferred until all other clinical problems have been dealt with. It is hoped that what follows will show that such a view is untenable as well as hazardous.
Fractures of the base of the skull involving the temporal bone can be divided into vertical and longitudinal fractures of the petrous portion of the bone. Isolated fractures of the mastoid process have also been found (Ramadier & Causse 1937) , and these injuries commonly involve the mastoid course of the facial nerve.
According to the statistics of Siebenmann (1890) and Hahn (1955) , approximately 30-50% of patients suffering transverse (vertical) fractures of the temporal bone have concomitant facial paralysis. These injuries are the result of forces of great magnitude which occur in the posterior cranial fossa. Primary surgical care to repair the facial nerve in such cases is invariably required.
Medial transverse fractures of the temporal bone result in injury to the internal auditory canal and cochlea. Those fractures which pass more laterally affect primarily the membranous labyrinth, with the fracture line passing directly through the facial canal. The middle ear may not be directly involved by the fracture, but can be affected by the formation of hmmatoma. In this type of injury the tympanic membrane is usually not harmed, and blood is not commonly found in the external auditory canal. However, should the middle ear be directly affected by the injury a fracture line may be found on the promontory or near the eustachian tube opening. In these cases, subluxation of the ossicles, especially the stapes, invariably occurs.
Longitudinal fractures of the temporal bone occur more commonly than transverse fractures. The fracture passes through the mastoid process, the wall of the external auditory canal, and the middle ear before reaching the petrous pyramid. At this point it may traverse the anterior or posterior edge of the pyramid. The labyrinthine capsule is not often involved.
In a classical paper on traumatic injuries of the temporal bone (Ulrich 1926) many of the fractures were found to take a similar path through the bone. The facial canal was most often damaged in the region of the geniculate ganglion, in proportion to the extent of the offending force. In longitudinal fractures the nerves of the internal auditory canal could be injured through bleeding of torn vessels. The most frequently involved nerve was the vestibular nerve (particularly the posterior ampullary branch). The cochlear nerve was next most frequently involved, while the facial nerve was least frequently harmed. Nevertheless, even under such circumstances, facial paralysis occurs in 10-25 % of cases. The prognosis of facial nerve injuries is better in longitudinal than in transverse fractures.
Facial paralyses which occur immediately following skull trauma indicate direct injury to the nerve. In such instances, the nerve may have been harmed by bone splinters, stretching or actual tearing. Those lesions which occur hours or days after trauma are indicative of secondary mechanical forces which may produce cedema or hvmatoma within the nerve sheath. The continuity of the nerve is invariably retained in these lesions. However, persistence of compression on the nerve for long periods may result in partial or complete degeneration of nerve function.
Sometimes the seriousness of a patient's overall clinical condition, particularly if there has been a long period of comacan make early determination of facial nerve paralysis impossible, or even confuse a determination of the actual time of onset of the paralysis.
Clinical management of traumatic lesions of the facial nerve depends upon their surgical accessibility. Fortunately, those nerve lesions which are not amenable to surgical care because of their location are seldom encountered clinically. Cawthorne (1953) has noted that the petrous bone in the region of the internal auditory canal is thick and resistant to external forces. Fractures thus preferentially involve the tegmen tympani, labyrinth or middle ear. Therefore, most injuries of the facial nerve occur within its intralabyrinthine course. Moreover, as previously noted by Ulrich, the most frequent site of injury to the nerve is at the geniculate ganglion. These findings have also been corroborated by Fisch (1969) .
An important problem is the need for and type of surgical management. Until recently indications for surgical decompression of the nerve following skull trauma were liberal. In fact, Farrior & Caldwell (1947) stated that early surgical exploration for every facial paralysis subsequent to skull fracture was the treatment of choice. However, it should be remembered from clinical experience that 90% of late paralyses and 75% of early paralyses resolve, regaining satisfactory nerve function without surgical intervention. Thus only the remaining 10-25 % require some form of surgical care in order to prevent persistent facial disfigurement.
At the ENT clinic of the University of Gottingen our management of patients with facial paralysis is based on a programme indicated by the results of the transcutaneous nerve excitability test. This has eliminated uncertainty in the diagnosis of irreparable nerve injury, and has also simplified collaboration with colleagues in other specialties in caring for patients suffering from head injury. When nerve excitability on the side of injury is found to be comparable with that on (   Fig 3 A , complete division offacial nerve in its intralabyrinthine course. B,repair ofnerve by use ofautogenousfree graft. Collagenous cylinder is used to cover graft sites, over which Histacryl adhesive is used to seal anastomosis the opposite (uninjured) side, a justifiable assumption can be made that only a blockade to transmission of nerve impulses has occurred. It can then be safely assumed that the facial paralysis is reversible and that surgical intervention will not be required.
In our clinic the transcutaneous nerve excitability test is performed once or twice a day on every patient with facial paralysis. This allows us to determine as early as possible when degenerative changes occur (through injury, cedema or the like). Should there be a significant difference (3.5-4.0 mA) in excitability between the nerves on the injured and the uninjured sides, or progressive limitation of the degree of stimulation recorded, it is inferred that irreversible changes to the nerve have begun, and operative intervention is required.
In patients who suffer immediate facial paralysis following head injury, the nerve excitability test will show degenerative changes within the nerve, at the earliest, four days following injury. In such patients various degrees of clinical shock may be present, and the delay of four days before the nerve excitability test can be utilized also allows an interval during which the patient can become clinically stable; this accords with the concept of total patient care. Unfortunately, even today not all cases of early facial nerve paralysis are subjected to prompt electrical investigation. Needless delay ensues, and the subsequent prospects for complete restoration of facial nerve function become worse.
It may be asked why results of late operative decompression of the facial nerve (i.e. 8-10 weeks after injury) are invariably unsatisfactory. This results from mechanical interruption to the growth of regenerating nerve fibres from the uninjured proximal nerve at the site of injury. With the passage of time the nerve becomes incapable of producing functional new fibres. It is therefore imperative that appropriate electrodiagnostic nerve testing be performed as early as possible in order to allow prompt surgical therapy when indicated.
It was previously mentioned that facial paralysis of delayed or late onset resulted from perineural cedema or from bleeding within the fallopian canal causing compression of the nerve. Most of these patients experience satisfactory return of facial nerve function without medical intervention. However, it must also be stressed that occasionally the extent of the nerve lesion may not be fully realized. Once again the nerve excitability test provides a good prognostic index of nerve function. Should the test recordings between normal and injured nerves remain comparable through a two-week period following injury, it can be safely assumed that nerve degeneration has not occurred. On the other hand, evidence of nerve degeneration indicates that surgical intervention has become imperative. Fig 4A, Special problems are enccuntered in very late facial paralyses. Three months after a paralysis has occurred, permanent pathological changes in the mimetic musculature ensue. It is our feeling in such circumstances that immediate facial nerve decompression is indicated in order to preserve what little nerve function might remain. Should surgery be delayed longer, the risk of permanent facial dysfunction becomes that much greater. It is also our opinion that late nerve decompression should be performed in those patients with paralysis who fail to demonstrate satisfactory clinical improvement after a period of several months following injury. However, surgical intervention can be safely delayed if nerve testing or myography indicates satisfactory nerve function.
Various surgical means are available for correction of facial nerve lesions subsequent to trauma. Repair of the nerve in its mastoid course can be satisfactorily performed by using the retroauricular approach. This approach can also be used with the technique of Wullstein (1958) to expose the tympanic portion of the nerve, which can thus be uncapped from the geniculate ganglion to the stylomastoid foramen. The necessary corrective measures are taken after uncovering the site of the lesion. Corrective procedures can include simple decompression, direct anastomosis of severed nerve endings, nerve rerouting, and autogenous nerve transplants, as indicated.
Injuries to the facial nerve within the first part of its tympanic course (from the internal auditory meatus to the geniculate ganglion) were formerly considered to be inaccessible to surgical manage- (1958) . But it is a somewhat hazardous procedure and suturing without epineurium is difficult. The recent development of the middle cranial fossa approach to the internal auditory canal (Hitselberger & House 1966) has revolutionized facial nerve surgery in this region. Using this technique in combination with simple mastoidectomy, it is now possible to obtain excellent exposure of the facial nerve within all regions of the temporal bone. A combined middle cranial fossa and translabyrinthine approach to the facial nerve following trauma has been employed in 7 cases at the University of Gottingen. Our results are comparable to those reported by Fisch (1969) in his series of patients. Lesions have included injury to the nerve by bone chips (Fig 2) (Fisch, 4 cases; Miehlke, 1 case), disruption of the nerve in the region of the geniculate ganglion (Figs 3 and 4 ) (Fisch, 7 cases; Miehlke, 4 cases), as well as traction lesion of the nerve without frank fracture of the canal (Fisch, 11 cases; Miehlke, 4 cases) .
In surgical management of facial nerve lesions, a most important observation has been made by Fisch. Following injury to the nerve in the region of the geniculate ganglion, regenerating axons apparently prefer a direct route for regrowth through the greater superficial petrosal nerve rather than a route through the genu of the nerve. This prevents correct regeneration of the motor fibres within the nerve, and prevents normal restoration of nerve function. For this reason, it is recommended that the greater superficial petrosal nerve be excised at the geniculate ganglion to ensure nerve regeneration through the genu alone. If necessary, rerouting between the intralabyrinthine and tympanic segments of the nerve can be performed further to ensure proper direction of the regenerating nerve fibrils through the temporal bone.
Finally, traumatic lacerations of the extratemporal branches of the facial nerve should be mentioned. In such injuries, decisive action must be taken by the first physician seeing the patient. It has been stressed that our most successful cases are those associated with prompt intelligent primary wound care. Extratemporal lacerations of the facial nerve can be repaired by primary nerve anastomosis as well as by free autogenous nerve grafts with equally gratifying results. On occasion, for such reasons as an unstable clinical condition, lack of appropriate instruments and the like, primary facial nerve repair is not possible. Subsequent inflammatory changes within the wound with scar formation will make secondary nerve repair at a later date significantly more difficult. In these circumstances tagged coloured silk sutures ( Fig 5) or silver clips should be applied to whatever nerve endings have been uncovered. This will facilitate finding the nerve endings at a later date, and will prevent retraction of the nerve endings within soft tissue. If these measures are performed properly, delayed repair of the facial nerve may be as satisfactory as primary nerve repair (Fig 6) .
Many years ago the French anatomist Testut said that the surgeon should have a crystal-clear knowledge of the anatomy of the human body. An equal knowledge is needed today in resolving problems which the surgeon may meet in dealing satisfactorily with facial nerve injuries.
Summary
The diagnosis and management of facial nerve injuries subsequent to operative and traumatic injuries are discussed. Nerve lesions have been differentiated into those which allow nonoperative supportive measures, and those which require surgical repair. Conclusions indicate that proper diagnosis and management of facial nerve injuries will contribute significantly to restoration of patients to normal life. Although this common condition is often regarded as a trivial or minor disorder it can cause severe distress, both short and long term, warranting prompt and effective medical care. The sudden onset of paralysis of the muscles of one side of the face is physically and emotionally distressing. Older patients often fear the onset of a stroke and the younger are scared of permanent disfigurement. To these understandable anxieties are added physical discomfort, lacrimation and difficulty with eating or drinking. Many patients suffer from severe pain and adequate analgesia is essential, though often neglected. Successful management requires a confident and accurate diagnosis, a reliable estimate of prognosis and appropriate symptomatic treatment.
